The atmospheric 14 C record, the corresponding WM values derived from a carbon reservoir model, auroral numbers and the Zurich relative annual sunspot numbers all demonstrate a substantial downturn in solar activity for the duration of solar cycles 5 and 6. This reduction is also imbedded in some dendrochronological proxy data sets, which describe an annual index radial growth rate for trees at high-altitude sites. A significant lagged correlation can exist between tree-ring indices and the 11-year solar cycle during periods of high solar activity, a feature which is not evident during quiescent periods.
Introduction
Secularly smoothed auroral numbers, obtained from estimations based on a variety of historical records and more recently from direct observations, (Gleissberg 1971) delineate three extended periods of substantially reduced solar activity over the past millennium, which are now known as the Wolf (1282-1342 AD), Sporer (1416 -1534 and Maunder (1645 Maunder ( -1714 minimums. In addition, this record also indicates that there was a significant short-term and unnamed decrease in auroral activity over solar cycles 5 and 6 (1798.3 to 1823.3 AD) . The minimum in auroral numbers for this period corresponds with the lowest level of auroral activity attained over the Sporer minimum and surprisingly, it is also considerably lower than the minimum estimated for the Wolf downturn.
There are several other sources of temporal data that can be used to monitor indirectly the longer term variations in past solar activity. For example 14 C production rates are highest during intervals of low solar activity and have an inverse relationship with sunspot numbers. Stuiver and Quay (1980) , using a carbon reservoir model that accounts for the terrestrial carbon exchange between the ocean, biosphere and atmosphere, have quantified the process and calculated sunspot numbers averaged overthe 11-year cycle (WM values) with variations in ,4 C being determined from chemical analysis of tree-ring sections. Their sequence from 1000-1900 AD, which essentially parallels the variation in auroral numbers, not only presents a more reliable dating for the extended minimum periods mentioned above but also shows the extent of the reduced activity over solar cycles 5 and 6.
Further, smoothed variations in 6( 18 0) values in the upper part of the Camp Century, Greenland, ice core (Dansgaard et al. 1969 ) display a recent minimum c. 1800 AD. It is also possible that short-term trends in the near-continuous record of the 10 Be concentration present in some ice cores also provides a record of solar activity; a reduction in activity corresponding to increased 10 Be production. Although the data are rather sparse, the Taiwan. A very significant peak (> 99% confidence level) exists at 11.1 years, corresponding to the solar cycle.
Tree-ring Data
Evidence for this recent reduction in solar activity is also imbedded in some dendrochronological proxy data sets. Specifically, tree-ring width index time series which possess a prominent spectral signal near 11-years usually show a diminished amplitude for the 11-year bandpass filtered data and a change in phase relative to the filtered sunspot cycle over the years which correspond to solar cycles 5 and 6. The power spectrum plotted over the frequency domain in Figure 1 for a 516-year chronology based on radial ring measurements of a disk cut from a Formosan cypress shows a variety of well resolved spectral peaks, especially at longer periods. The dominant feature is the 'solar cycle' peak at 11.1 years (Mori 1981) , which is found to be significant at the 99% confidence level. Figure 2 details the response to numerical filtering when applied to both the annual relative sunspot numbers and a treering index time series for the years post 1700 AD. A different scaling has been assigned to each filtered data set to obtain comparative amplitudes, which are plotted in the form of departures from their respective means. In this instance site data for a chronology obtained from trees growing over an altitude range of 1200-2200 m in Central Chile (La Marche et al. 1979 ) has been used.
Moreover, these results which clearly exhibit the characteristics noted above in respect of solar cycles 5 and 6 are also representative of many additional tree-ring chronologies obtained from locations several thousand kilometres apart. There are many common aspects associated with these chronologiesall have been compiled from trees growing at high-altitude sites ranging from 1000 m to 2200 m, and hence would have been exposed to increased levels of solar UV radiation. Further, the ring index time series all exhibit a high lag 1 auto-correlation which indicates a preferred growth response to longer period variations. In addition, it can be expected that the growth patterns have also been influenced by both local and regional climatic variables and individual site differences which would be manifested in the power spectrum, and possibly represent the dominant periodicities.
The maximum positive linear correlation between the annual sunspot number and the annual tree-ring index derived for the Taiwan chronology, computedfor 22 moving intervals of length equal to two solar cycles over the range from cycle -4 to 18 is displayed in Table 1 . Most of the highest correlation values occur at lag 2 which indicates maximum ring width growth follows two years after solar maximum. Here the 5% significance level corresponds to r = 0.44. Clearly, there is a marked reduction in the value of the correlation coefficient over the intervals containing solar cycles 5 and 6. These results designate that a significant lagged correlation can exist between tree-ring in- dices and the 11-year solar cycle during periods of high solar activity, a feature which is not evident during quiescent periods.
Conclusions
Whereas the low level of solar activity over cycles -4 to -3 could be attributed to a recovery from the Maunder minimum, the dramatic reduction in the magnitude of RM from cycles 3 and 4 to the low levels of cycles 5 and 6 is a noteworthy feature of the contemporary sunspot record, as determined by the sunspot index R. The atmospheric 14 C record, the corresponding WM values derived from a carbon reservoir model, auroral numbers and ice-core isotope data all exhibit this substantial downturn in solar activity.
In addition, there is now evidence to suggest that some standardised tree-growth rates at high-altitude sites also provide a data set which contains a record, albeit noisy, of some phases of past solar variability and that over the longer term a significant correlation exists with the 11-year solar cycle.
In more general terms, the question arises: why does the 11-year cyclicity in the tree-ring data show no anomalous deviations during the periods of prolonged low solar activity, for example the Maunder minimum phase, when the only downturn in the contemporary sunspot record is strongly replicated in tree-ring data with a demonstrated response to solar variation?
